5 5 Vf 


3 1176 00068 7724 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 


TECHNICAL MEMORANDUM 


No. 1184 


* ^DEC 1947 


DEVELOPMENT AND CONSTRUCTION OF AN INTERFEROMETER 
FOR OPTICAL MEASUREMENTS OF DENSITY FIELDS 

By Th. Zobel 


TRANSLATION 

“Entwicklung und Bau eines Interferenzgerates zur optischen 
Messung von Dichtefeldern.” 

Deutsche Luf tf ahrtf or s chung, Forschungsbericht Nr. 1008 


N A C A 


Washington 
September 1947 


.ANGLE Y MEMORIAL AERONAUTICAL 
LABORA'J ORY 
Langley Field, V*t 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


TECHNICAL MEMORANDUM NO. 1164 

- . " - - - - - 

DEVELOPMENT AND CONSTRUCTION OF AN INTERFEROMETER 

i 

FOR OPTICAL MEASUREMENTS OF DENSITY. FIELDS* 

By Th. Zobel 


* 

Abstract: A method of interference is described in the 

present report which promises profitable 
application in aeronautical research. The 
physical foundation. of the method and a 
simple method of adjustment are briefly 
discussed. The special technical construction 
of the instrument is described which 
guarantees its use also in the case of 
vibrations of the surrounding space and 
permits the investigation of unsteady phenomena. 
It is found that the interference method will 
make the snail differences in density in the 
flow field around the body even at low speeds 
(Ii-0 m/sec) optically measurable. 

Outline: 1. Introduction 

2. Basic Physical Structure of the Interferometer 

3. Method of Adjustment by Means of a 

Pentaprism 

U.% Monochromatic Light of High Intensity 
5* Influence of the Degree of Monoohromatic 
Light on the Interference Fringe 
Photograph 

6. Technical Possibilities of Application of 
the Interferometer 

• 7* Technical Peculiarities of the Interferometer 
8 • Summary 
References 
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i. INTRODUCTION . 


Optical methods of measurement have been more 
frequently used in modem measuring technique. This 
fact results from the progressive development of the 
separate technical fields of application as well as 
the continuous perfection of the optical instruments 
themselves ' and their control. 

The interference methods range first among the 
optical methods of measurement which have become so 
important for highly accurate and exact quantitative 
me astir ement s . Light is split into coherent wave trains 
which are brought to interference by means of simple 
but high-quality optical aids as mirrors and plane 
parallel glrss plates. The Interference fringes which 
were thus obtained are used for. measuring small changes 
‘ in density of the medium under Investigation. 

The present report describes an Interferometer, 
which was to be used mainly for Investigation of the 
density field of bodies in the subcrltical flow domain. 

This problem Is especially difficult since, as Is well- 
known, the changes of density in flows of low speeds up 
to about 100 meters per second are so small that the air 
may be treated as ah approximately Incompressible medium. 
There are no changes of temperature by heat-emitting 
bodies In air flows of this kind; therefore, only quantities 
are measured which are due to the small- differences In 
density which result from. differences of velocity in 
various places on the body. 

Although -the limit of measuring accuracy of the 
Interference method is almost reached, this method still 
permits the optical measurement of these small changes 
in density. Therefore every means must be used In order 
to increase the measuring sensitivity. .... 

Extreme accuracy of measurements and, equally 
important, most delicate adjustment of the Interferometer 
are therefore required. A method of adjustment proved 
excellent In many tests' of the author (compare reference 11) 
is briefly reported; by this method such an instrument 
can be adjusted with comparatively little loss of time. 
Then the precautions are described which were taken 
first to avoid deformations of the instrument by 


HA.CA 031 No. 1184 "■ 


3 


temperature Influences and secondfco reduce the 
sensitivity" of the instrument .against mechanical 
outside disturbances (vibrations) so that the method 
■could be applied to technical measurements. 

Finally there was the question of monochromatic 
,light sources of high intensity to be solved; the 
relatively long light paths .and the insertion of 
intermediate optical apparatus for the examination of 
unsteady phenomena made it difficult to reach sufficiently 
short times of exposure of about l/LOO to 1/200 second. 


2. BASIC PHYSICAL STRUCTURE OF THE INTERFEROMETER 


The following discussion is limited to straight 
parallel interference fringes. The formation of such 
Interference fringes (as contrasted with Interference 
rings) can be traced to the' effect of a wedge-shaped 
plate (fig# 3). A second ray coining from L 1 shall be 
made coincident to the ray L reflected on the wedge- 
shaped plate at the point A; this second ray will 
leave the wedge-shaped plate r after refraction and 
reflection In It, at exactly the point A. The difference 
In path of these two reflected rays Is a function of 
the thickness of the glass plate P at this particular 
location and of the angle of incidence a; the two rays 
come to -interference In the image plane of the top 

surface of the wedge-shaped plate. At a constant angle 
of incidence "Interference fringes of equal thickness"* 
originate: light and dark straight fringes parallel 

to the edge of wedge. The effect of such plates depends 
on whether the incident ray of light Is turned, towards 
or away from the wedge. The separate rays of a light 
beam whioh are multiple -reflected in the wedge-shaped 
plate diverge or converge correspondingly. 

This- basic principle may be turned to advantage 
only after some changes have been made; it oan be used 
for production of straight interference fringes in 
uniquely determined planes and for the examination of 
three-dimensional bodies by means of the four-plate 
system which Is shown in figure J+. This optical 
arrangement was introduced by Mach and Zehnder; the 
two light paths are so far apart In space that. , a mutual 
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Influence will- be avoided If one. of the. two light paths 
crosses the field of density to b© examined. -This 
separation of the light, paths, is of decisive importance 
for the investigation of flow problems and- thermodynamic 
phenomena* 

Two of the parallel mirrors (fig. J 4 .) , and 3 2 , 

are coated for full reflection, the other two, P^ 
and P 2 , also called splitter plates, have a semi- 
transparent platinum coating applied by cathode 
sputtering. 1 

A light bundle inoident on the plate P^ is 

partially reflected, partially transmitted through 
the plate. The first bundle is transmitted through the 
plate P 2 after reflection at the mirror S^; the 

second partial bundle is reflected at both the mirror S 2 

and the plate P 2 . These two light bundles are coherent, 

that is-, they originate from the same light source and 
have the same polarisation. They ere used for interference 
after travelling light paths of equal length in the 
instrument. However, further partial reflections occur 
in the plates P^ and P^ which also cause phenomena 

of interference. But they are rendered so dim by the 
semi-transparent ccating of the plates that a disturbing 
influence on the interference of the first partial 
bundle is avoided. With this arrangement the very 
complicated exclusion of the partial reflection is 
rendered superfluous which is necessary when using 
plane-parallel glass plates for P^ and P 2> 


X A silvered mirror did not stand the test so well 
since the surfaces must not be varnished and since the 
silver layers decompose rapidly under atmospheric 
influences; moreover, they are mechanically very sensitive. 
The platinum surfaces, on the other hand, are chemically 
stable, but mechanically as sensitive as silver ones. 

A coating of - silicon is recommended as giving the best 
reflecting effect; it, is produced by Dr. Hochheim at 
IG-Farben according to a now method which was tested 
meanwhile. 
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By means of this instrinaent,* interferences can be 
produced at any distance f row * the Errors . .. (See fig, 5.) 

The phenomenon of interference always appears at the 
intersection of coherent light xfeys which have travelled 
different but- equally large paths in the instrument. 

The two. plates P^- and P 2 alone permit any manipulation 

for production of Interferenoes if the instrument is 
adjusted accurately, that is, if all mirrors are exaotly 
parallel; moreover, the sum. of the distances from 
Pi' _ to P 2 has to be so exaotly alike on both different 

paths ever Si and S 2 that the phase shift of the two 

wave trains equals zero. 

. All plates and mirrors are arranged in such a way 
that they can be turned around a pair of axes perpendicular 
to each other. The plate P 2 can also be shifted in 

the direction perpendicular to the plane of the plate on 
a sliding guide; thus the correction of the distance 
adjustment, still necessary after the "fine adjustment 
of the instrument, is made possible. After the instrument 
has been perfectly adjusted the two full mirrors Si 
ar.fl remain unchanged for all further work. If 

possible, they ought to be fixed permanently. 

% The connection between the rotation of the plates 
?1 mi<L. P 2 , the location of interference and the' width 

-cf the interference fringes can be defined as follows: 

If the plate Pi is turned by the angle a, the 
path of the first partial ray over S^ and Po changes 

and the original intersection B o4 the sfereen shifts 
by an amount of c - 2a (ai + a 2 + 1 ) to B*. - (For 

these small angles, the sine of the angle may be assumed 
to be equivalent to the angle. Itself ,) The second partial 
ray over S 2 and P 2 remains unchanged , The plate 

P 2 must be rotated in the opposite sense in order to 

obtain the interferenoes in B* . It is rotated by the angle 


ai + ap + l 
B « -a £ 
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. distance between- twb inte.rf prenpe ; fringes will’ be' ' •■ 


L \ . a ' • m-V ’■ ■ 

Y "*■ 2d(a -Kb) 


ftV * 1 = 


therein \ , re present a the wave length of the lighl£ * — 
that was- used; V the distance of the ..interference '- .-f-:: ■ 
plane from the last plate Pg; a'^ ' and “a^ the 

distancea : - be tween the . mirrors and <r : the' "r 6 tat ion 1 
. of the first plate P; - .■(■Compare reference 7* ) ■ ' T' s • r 

... . r ! ■' * .** -L . 1 » / . . . » ■ 


, The v principle of. the wpdge -shaped glass plate for ■ * 

production of straight interference; fringes- that was ■ ' 

shown. -in figure 3 is. extended:, the wedge angle iV,- 
fomped.by roisallnemsnt of the two plane parallel plates 
which make, rays Of. light of the same. energy- interfere 
and produce on the -whole surface of the mirror interference 
fringes which lie on a uniquely determined plane. 

Therefore, interferences in any desired- plane, position, 
and width may be produced by means of the two plates 
P-^ and P 2 and- the four possibilities of" adjusting 

them.. Changes in sensitivity may be made by selection 
of an adequate width of thd interference fringes • 

Herein lies the excellent adaptability of the Interference 
method to the demands of all kinds of . measuring techniques. 
If an approximately point light Source is being used, 
rotations of the two plates about axes’, perpendicular" to. 
the plahe of the paper .(fig. 5) will cause interference ■ 
fringes .parallel to these axes; horizontal interference. ■ 
fringes will- .re suit.- from rotation about horizontal .axes. ■. 
All intermediate values, between perpendicular and.. • 
horizontal position. of the interference fringes require 
coordination of the two plates and rotations around all 
four axes. The interference fringes- always are parallel 
to fehe edge - of the wedge.. 
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3 . METHOD OP ADJUSTMENT BY MEANS OP A PENTAPRISM 


-- The proceeding statements on the basic working of 
the Interference-refractometer made it clear that the 
adcuraoy depends on the order of magnitude of the light 
wave length. Therefore,, the four plates and mirrors 
must be adjusted with the utmost caution; a special 
method. of mirror adjustment is required. 

In many oases where the Interference method could 
contribute to the clarification. of important questions 
its application was frustrated by the difficulties of - 
adjustment of the instrument itself, 

t 

The principle of the adjustment method given in 
reference 5. shall be mentioned briefly; it requires 
certain conditions which can be fulfilled only in a 
laboratory-like setup of the mirrors on optical benches. 
Each mirror and its plate are fixed on an optical bench 
and arranged rotating about pairs of perpendicular axes; 
they are set parallel by observation of a point in the 
far distance (several kilometers) (fig. 6). The two 
reflected Images of plate and mirror are made exactly 
congruent by means of a telescope which is also 
fastened to the optical bench and made parallel to It. 

The second pair of mirrors are set parallel In the same 
way. Since the Image of the distant object reaches both 
mirrors, the error of the angular deviation 9 Increases 
with the distance of the mirrors and requires a correction 
by sighting at a celestial object, for Instance a bright 
star. After these two pairs of mirrors have been set 
parallel, both optical benches are set parallel to each 
other and by means of adjusting screws on the sockets 
fixed in such a manner that illuminated cross-hairs In 
front of the plate become coincident for the whole 

system of mirrors. The disadvantages of this method of 
adjustment need not be discussed further. 

A new method of adjustment was urgently needed whioh 
would make it possible to adjust the interferometer at 
the assigned location quickly, precisely, and without 
too much difficulty. Such a method of adjustment by 
means of a pentaprism was tested in many experiments and 
proved to be efficient. (See references 11 and 12.) 
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The pentaprism has the property of reflecting 
incident rays of light at 90°, (See fig. 7 .) It is 
therefore not sensitive to angle changes in its whole 
field. Figure 8 shows the principle of the adjustment. 
First, the ground plane of the whole instrument on which 
all four mirrors are located will be set horizontally 
and the mirrors at I 4 . 5 0 to the common line of their 
perpendicular axes of* rotation. Then an autocollimating 
telescope F is adjusted exactly horizontal. Its 
optioal axis is parallel to the mirror surfaces. In 
the direction of this optical axis there is an optical 
bench on which an adjustable stand with the pentaprism 
can be moved. The cross-hairs in the ocular of the 
telescope are then projected into the pentaprism and 
through the latter into the mirror. The mirror is 
rotated and inclined until the image of -the cross-hairs 
which is reflected from its front sxirface falls back in 
the optioal axis of the telescope and becomes fully 
congruent to the original cross-hairs. 

Attention must be paid to a preliminary adjustment 
of the pentaprism it3elf, or else interferences will not 
be found. The pentaprism is not constructed with the 
exact accuracy that is needed here. Therefore the two 
images of the cros3-hairs reflected by the anterior and 
posterior surfaces of the pentaprism are., net exactly 
congruent. One therefore selects one of these two partial 
images for use and retains it for the adjustment of all 
mirrors. The base of the pentaprism is adjusted 
horizontally in both directions of the ray by means of 
a water level. The respective mirror is accurately 
adjusted when the two cross-hairs reflected from 
pentaprism /and the mirror itself cover the one. in 
the telescope. 

Then the pentaprism is shifted on the optical bench 
and used in the same way for the adjustment of three 
mirrors. After that, the fourth mirror may he easily 
adjusted by eye by observing fi*om P 2 an illuminated 

cross-hair in front of the first plate P-j. and making 

it congruent to the other reflected images. This 
observation ought to be made by telescope because the 
adjustment is facilitated and because it is easier to 
focus to a certain plane by telescope than by eye; this 
accomodation is important for the later focusing of the 
interferences. 
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If the mirrors were put parallel precisely. 
Interferences must now be visible after Insertion of 
a monochromatic light source In front of the plate P-^} 

these interferences are extremely fine because the 
interference plane is at infinity If the mirrors are 
absolutely parallel. In monochromatic light, the 
Interference fringes are present also when the two 
different light paths in the Instrument are not of 
exactly equal size but differ by a multiple of the wave 
length of the light that was used,. 

However, the criterion of perfect adjustment of the 
Instrument is met only when, the two light paths also are 
exactly equal. This adjustment of the accurate distance 
of the mirrors can be made on the slide mechanism 
(mechanism for longitudinal motion) of the plate P£ 

by finding the so-called zero-interference in ordinary 
white light. The zero- interference is the phenomenon 
of Interference which Is characterized by a markedly 
distinct interference fringe In which all fringes of 
all colors that correspond to the zero-difference in 
the light paths coincide. The fringes to both sides of 
the zero-interference lose their well-focussed clearness 
by superposition of various wave lengths and disappear 
completely after a few fringe widths . (Compare figure 9 . ) 
The presence of this zero-interference In v/liite light 
Is also a criterion of the most delicate adjustment of 
the Instrument in monochromatic light where It Is no 
longer recognizable. 

It is reoommended always to start from this basic 
adjustment, for in the application to somewhat complicated 
fields of density the zero-interference must sometimes be 
used for identification of individual light fringes. 

In the present case where the interferometer was 
set up for use in perpendicular arrangement the adjustment 
was made in horizontal position according to the method 
described above* Afterwards the Instrument was rotated 
by 90° and used according to figures 1 and 2. 

I£ after adjustment of the instrument, interferences 
are present* the focusing of the Interference fringes Is 
made to the mean plane of the object under Investigation* 
(See fig, 10.) A distinct object is placed at this 
location; the telescone is focussed sharply on that object. 
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and then the location of the interference la changed by 
means of the two plates P| and P 2 until It coincides 

with the location of the object and both are presented 
very distinctly at the same time. This image of the 
field of interference fringes is virtual. The location 
of the interference phenomenon lies really outside of 
the instrument, namely at the intersection of the two 
coherent ray bundles. The telescope may be replaced 
by a camera and an interference photograph may be taken. 
(See figs. 12 to 15. ) 


I}.. MONOCHROMATIC LIGHT OP HIGH INTENSITY 


So far a light source as nearly pointlike as 
possible which emits only one single wave length X 
was tacitly assumed In speaking of fields of Interference 
fringes. But such a light source of absolute 
monochromasy does unfortunately not actually exist; 
rather, the radiation of a light source will always 
contain a great number of oscillations. As is well- 
known the spectral domain of the glowing filament of 
an incandescent lamp includes all wave lengths from the 
ultraviolet over the visible radiation to the heat 
radiation of the Infrared. 

On the other hand, luminous vapors or gases emit 
a spectrum with only a narrow extent and are therefore 
used as more or less homogeneous light sources for the 
purposes of Interference. However, a further narrowing 
of the extent of the spectrum Is usually necessary for 
the evaluation of photographs of interference fringes; 
color filters are used for absorption of the wave 
lengths which still represent a disturbance. However, such 
considerable losses of light result from these 
arrangements that short-exposure photographs of 
interference fringes and, therefore, the Investigation of 
unsteady phenomena- are no longer possible. 

The present treatise also Investigated the question 
what light sources are suitable to produce high light 
intensities and yet to meet the necessary stipulations 
of spectral properties. 
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The spectral domain presented by the sodium 
spectral lamp with the lines and D 2 

X = 5890 and 5896 AU Is so narrow that one may speak 
of a monochromatic light source* This spectral lamp 
Is especially suitable for Interference purposes and 
for locating the Interference fringes after the 
adjustment of the Instrument because the whole image 
plane Is always covered with saturated interference 
fringes. The. light intensity of this lamp, however, 
amounts to about 25 to 50 sb only; It Is so small that 
photographs with short exposure cannot be taken 
even when using panchromatic emulsions. 

Osram*s mercury spectral lamp is a light source 
of much higher Intensity (about 1000 sb); moreover, it 
emits spectral lines of great fineness. The lines 
X = Ij.080, 1+360, 5I4.60, 5770, and 5790. AU (fig. 11) 
represent the wave lengths which are emitted with 
relatively high spectral energy in the visible and 
photographically effective region. Since each light 
wave is able to produce a system of interference fringes 
the various systems are superimposed; the difference 
in paths of the separate light waves causes the 
disappearance of single fringes in certain places of 
the interference fringe photograph. Therefore an 
image of interference fringes results which consists of 
several periodically recurring groups of interference 
fringes (fig. 12) which cannot be used for spectral 
investigations . Therefore the monochramatlsm must, 
by suitable light filters, be intensified to the emission 
of a range of wave lengths as narrow as possible. 

Various light filters of the firms Schott and General Jena 
and Carl Zeiss were tested; the filter which gave 
the best photographic effect at the highest degree of 
monochromatic light was selected. 

The loss of light by filtering is exceedingly high. 
Moreover, most filters have the property of well absorbing 
light waves up to about $000 AU but with increasing wave 
lengths the transparency increases and becomes 100 percent 
in the domain of infrared radiation. 

The blue line X = i+360 as such 1 b photographically 
very effective; but it renders the observation by eye so 
difficult that its use is eliminated. 
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For the green line X = 5^0 -AU the panchromatic 
emulsion la not sensitive enough to obtain sufficiently 
short times of exposure even for the filter Zeiss B 
which permits to pass 67 peroent of the relative spectral 
energy. 

For the yellow line X = 577° and 579° the use of 
the filter OG 2 (Schott and Gen.) proved to be most 
advantageous. It transmits 9 ^ percent of the relative 
spectral energy of these lines which with 80 percent 
of relative energy stand out as the brightest lines in 
the visible domain of the. line spectrum of the mercury 
lamp, (The energy of the spectral line is referred to 
the 100 percent energy of the ultraviolet line.). 

This filter OG 2 Is especially advantageous Insofar 
as it absorbs completely the many wave lengths smaller 
than X = 5460 AU which are contained in the spectrum 
of the mercury high-pressure discharge (Compare fig. 11.) 
Thereafter the transparency of the filter increases 
quickly. The transparency is only lij. percent for 
the line X = 5^-60 AU, but for the desired lines with 
X = 577° 5790 It Is 9 I 4 . percent; for all larger 

wave lengths, up to the domain of Infrared radiation the 
filter will be perfectly transparent. 

In the domain of visible radiation no larger wave 
lengths are emitted. The small Infrared radiation Is 
already absorbed by the glass elements of the lenses and 
mirrors. Thus practically the lines X = 577° and. 579° 
alone will be effective, with great energy, for the 
excitation of an interference fringe field with saturated 
Interference fringes. The times of exposure which were 
obtained by Insertion of a telescope were around l/2 second 
for useful Interference photographs. However, this long 
time of exposure is completely useless for the Investiga- 
tion of unsteady phenomena. 

The next step towards an Increase of brightness 
consists of the use of the mercury high pressure lamp ■ 
type Hg B 500 which had been recently developed at'- 
OBram; this lamp produces a light Intensity of 50*000 sb 
at a vapor pressure of 50 at. The line spectrum of the 
discharge In mercury vapor essentially varies with 
Increasing vapor pressure and la indicated by an 
Increased width of the lines until, at very high pressures 
of about 200 at, they run Into one another as color bands. 
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The question had to-te Investigated whether the widening 
of the. lipep had reached disturbing proportions for 
\ = 5770 and 5790 l 11 this lamp of highest light 

intensity. Fortunately, the result was that the 
widening of the hands only concerned the spectral -lines 
of smaller wave lengths whereas the chosen lines 
\ = 5770 and 5790 retained almost constant widths The 
disturbing wave length domain may, . therefore , be 
rendered ineffective and the high light Intensity may be 
made useful for interference purposes by a filtration 
through tlae filter OG 2. For a saturated Interference 
fringe photograph’ the attainable times of exposure with 
insertion of a telescope are l/LOO to 1/200., These 
values already offer the possibility of investigating 
unsteady phenomena. 

5. INFLUENCE OF THE DEGilEE OF MONOCHROMATIC LIGHT ' 

C17 THE INTERFERENCE FRINGE PHOTOGRAPH 


The ability of the light to produce an interference 
system depends upon two basic conditions : 

(1) The two superimposed wave trains must oscillote 
with equal phase in one plane but do not otherwise 
influence one another. 

(2) The light source must emit the same type of 
oscillation during the interval of time which is necessary 
for travelling the difference in paths of the two 
interfering ray bundles (coherency). 

The ability of light to interfere is limited by 
the maximum path difference which still permits the 
observation of interferences. This path difference 
is a function of the width of the spectral lines and 
therefore of the uniqueness of the color (monochrotnasy) . 

If a light source emits as in the present case two 
adjacent homogeneous spectral lines of different wave . 
lengths eaoh wave by itself can produce an Interference 
fringe system. The two fringe systems are superimposed 
and so nearly coincide If the difference in paths is 
small tliat apparently there exists only one fringe 
system. 
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One now increases the-, difference in paths and can 
make the observation - that' aftelv.. the . production of a 
certain number of interference frizes, these fringes 
are progressively weakened .and finally extinguished. 
They disappear completely, when the maximum -intensity 
of the system. of one color - coincides with the 'minimum 
of the other color. This phenomenon- results f-r'om a . 
change of the longitudinal motion of the plate Pgj 

the longitudinal motion causes the change of' the 
difference in paths of the two interfering rays . 

In the present case, the mercury high pressure 
lamp emits after filtration with the filter OG 2 the • 
two adjacent wave lengths \ = 577^ and 5790 ATJ . which 
differ by 20 AU. Therefore the fringe' distance is - 
different for the two colors, because the wave lengths 
are in proportion to the fringe distances: 


h.h. 



Therefore the difference in the fringe distance 
of both fields of interference is: 

b x - b 2 = b 1 = 0.003lj.6 b x 


This difference is of such a small order of magnitude 
that it i3 negligible in the evaluation of the interference 
fringe photographs. 

A shift in the position of the interference fringes 
after k fringes' which can be calculated results from 
the emission of the two different wave lengths.' The 
region where the fringes, counted from the zero- 
interference, Just disappear is characteristic. This 
disappearance occurs when the difference in fringe 
distance in k fringes measures exactly one half of 

the fringe width: £ = kb — - that is, the number 

* *1 

of the fringes k beyond which this characteristic 



. HACA TM Ho. 10.84 


15 


place in the fringe photograph appears is independent 
of the fringe width that'was adjusted t 



2(^1 - ^2) 


With \ ■ - 5790 AU and V = 5770 ATT. k becomes 

1 2 ■ - ' 

lli5* that is, counted from the zero-interference, the 
interferences disappear after li|_5 fringes or after 
every two k, 2k = 290 fringes, respectively, a full 
saturation of interference fringes recurs periodically. 
A similar appearance of groups of interference fringes 
maybe recognized in figures 12, 12(a), and 12(b). 


If the light of a continuous light source, for 
instance an ordinary incandescent lamp is used, the 
limit of saturation for the interference fringes can 
he found by inserting for \ the mean wave length of 
the effective spectral domain of about IlOOO to 6000 AU 
and for one half of the difference of the 

two extreme wave lengths, k = = —2—- 

2(X - 7^) 2x1000 

= 2«5 fringe 3 means that there exists only a total of 
about five saturated interference fringes in the whole 
field; figure 9 confirms this fact# 

Reforence 8 and reference 9 treat the evaluation 
of interference fringe photographs; the theoretical 
relations between the density which was optically 
determined and the other state variables pressure 
and temperature are derived there. 


6. TECHNICAL POSSIBILITIES OP APPLICATION . 
• ■ 

OP THE. INTERFEROMETER 


The extraordinary sensitivity of the .interference 
method permits measurement of changes of index of 
refraction of matter of 1/20,000, .000 (length of the 
measured region 1 in). The region of sensitivity 
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may be changed extensively by adequate selection of 
width of the fringes; the width can be adjusted in 
any way by means of the two plates and Pg. 

(See f iga. 5 and 3-5* ) For instance, for large 
changes in density very narrow fringes will be selected 
beoauae a wide bulging of the fringes is to be expected; 
very small changes in density, on the other hand, call 
for greater widths of the fringes. For the extreme 
case, investigation by means of very wide fringes will 
be used for small fields of density. 

To understand the extent of sensitivity of this 
measuring method one should bear in mind that in cases 
of wide interference fringes small fractions of this 
width can still be measured accurately, and yet a 
bulge of one whole fringe width corresponds to a 
change of the optical path of one light wave length 
only (0.578/1000 mm). 

Thermodynamics, flow problems, gas dynamics, the 
determination of density in static gaseous and liquid 
matter, of transparent solid substances and stress 
analysis for transparent solid and liquid substances 
are the main fields of application of the Interference 
method. 

The application of the interference method is of 
special importance in the. Investigation of bodies in 
a flow at high velocities in the region of subsonic 
flows. At the high flight velocities already planned 
and under the influence of compressibility, local sound 
waves appear on the wing profile; these sound waves 
influence considerably the properties of drag and lift 
and therefore the flight characteristics of the body. 

The optical measuring method is especially valuable in 
this critical flow domain where methods of measurement 
that were proved good in wind-tunnel practice at lower, 
air speeds are no longer applicable. Furthermore, the 
method of interference permits the investigation of 
unsteady flow phenomena on the wing as for example 
occur with the sudden extension of split flaps, or 
the extension of nose flaps, or the opening of slots, 
etc. The variation of the Interference fringe field 
which is a measure for the variation of the field of 
density in the medium under investigation occurs free 
of inertia. 
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7. TECHNICAL PECULIARITIES OP THE INTERFEROMETER 


The faot that by an optioal system of plates and 
mirrors and a. special precision adjustment of these 
aggregates to^eaoh other light may be brought to 
Interference does not yet give any certainty as to 
whether such an Instrument Is appropriate for technical 
measurements. Mostly special conditions of set-up, 
which are not possible In technical application, had 
to be fulfilled for the Interferometers of this kind 
known so farj by the way, only a very small number of 
them existed in Germany until a few years ago. They 
were set up horizontally on a very heavy and solid 
ground plane In rooms free of vibrations or on 
especially fabricated foundations and In rooms which 
had partly thermostatically regulated temperatures. 

Yet, circumstances permitting, the heat emanation 
of the human body when near the Interferometer was 
sufficient to make the interferences disappear; In 
sensitive adjustment, small deformations of the 
instrument resulted from this influence of temperature. 
Sometimes a light pressure of a finger on that ground- 
plane weighing several zentners® was sufficient to 
change the Interferences. 

The conclusion had to be drawn from these observa- 
tions that first of all the sensitivity against 
temperature and against mechanical influences must 
be eliminated by a more' favorable technical setup. 
Therefore for the first time a lattice support was 
built whioh was cantilever and- shaped according to 
tiie principles of bridge construction, but elastic 
in itself; this lattice carrier supported the mirror 
aggregates. (See figs. 1 and 2.) 

To equalize the temperature a special Invar-steal 
alloy was selected which is far superior to steel; Its 
longitudinal expansion coefficient, when heated to 
100® oentrlgrade is a = 0.000009 as contrasted with 
the longitudinal expansion coefficient of steel 
a = 0.00165. The lattice system must not be welded 
' ■ 1 because these outstanding properties of the invar-steel 
are lost again by a ohange of structure as it occurs in 
welding. 


®A zentner = 110.25 pounds. 
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Furthermore, the Instrument was constructed for 
perpendicular arrangement and suspended floating In a 
frame of tubes by means of springs so that It was 
freely movable In all- three directions of space. The 

natural frequency of the Instrument w Q = 

can be adjusted to the circumstances by an adequate 
selection of the spring constant c if the mass m of 
the instrument is given. The selection of a natural 
frequency much smaller than the present stimulating 
freqtiency of the vibrations which have effect upon the 
instrument from the outside will prove practical. 

Then the vibrations are rendered innocuous and the 
damping is sufficient so that the interference fringes 
remain unchanged and measurements are possible even in 
rooms with large vibrations. 

The mobile arrangement is a further peculiarity 
of the instrument; large fields of density may thus 
be measured in various locations by means of the small 
mirrors which are available. 

The optical apparatus . which is used for taking the 
interference photographs is mo3t practically fastened 
to the interferometer itself on a small optical bench; 
it joins in every move of the Instrument so that the 
full field of interferences is always illuminated 
irrespective of the position in the field of density 
to be investigated. 

If the body under investigation is more extended 
in length (for instance, a heated pipe or the span in 
the model of a wing) an optical' distortion results 
because the two boundary planes lie at different distances 
from the lens. This fact must be taken into consideration 
already when -setting the oamera with respect to the 
body under investigation; the body must be adjusted in 
such a manner that two fixed points at the corresponding 
locations of tho bouridary plana s lie exactly in the 
optical axis. 

This distortion can be minimized by first deflecting 
the light oaming from the interferometer through prisms 
and thus extending the object distance. This method is 
advantageous for the. reason that one can work with great 
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focal distances of on optical apparatus and that one can 
JTasten. the optical apparatus directly to the Interferometer 
in spite of the great distances from the object under 
investigation. The small loss of light by absorption 
of the air on the path outside of the instrument which 
was lengthened artificially is unimportant; for the light 
at our disposal is approximately parallel and so bright 
that times of exposure down to 1/200 second aro possible 
when a light filter is used. 

Finally, I should like to mention that the use of 
thick glass plates as boundary planes of the density 
field to be ■ investigated does not present any difficulties. 
Glass that is optically flawless and free of stress and 
regions of varying refractive index should be used; 
however, it need not be exactly plane parallel. 

Only u correct compensation of the phase shift is 
important in the use of plates of this kind. If this 
phase shift Js made by adjusting the interferometer 
with regard to distance (micrometer 3lide at P 2 ), a 

second adjustment cf the mirrors might be necessary 
as the platee are not exactly plane parallel. 

However, thore exists a muoh siirpler method: one 

can insert e. glass plate into the second light path whioh 
was so far undisturbed; this glass plate should be 
approximately as thick as the two boundary olates of the 
density field put together. If this compensator elate 
can be revolved and inclined, interferences of good 
quality will be found again without a change in the 
exact basic adjustment of the Instrument. As long as 
these glass plates aro being used the interferences 
also can be changed in any way by the two mirrors 
P-L and P 2 • 


8. SUMMARY 


The physical foundations of an interference method 
were discussed; an interferometer was de-coribed which 
J ' ‘ was' developed for the optical measurement of density 
fields. The technical structure of the instrument 
itself was stressed; also- an adjustment method which 
eliminated difficulties in the adjustment and control 
of such instruments that were hitherto considered 
very intricate. 
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The light sources which are most appropriate for 
spectral examinations and filtering which is adequate 
for a high degree of monochromatic light and photographic 
effectiveness were investigated; as a result photographs 
of saturated interference fringes (compare figs. 13 to 1$) 
with times of exposure of l/lOO to 1/200 s were obtained 
even for long light paths in filtered light. The results 
of the present treatise make the application of 
interferometers to the most delicate measurements of 
density possible, even for indv.s trial applications; 
they also render the investigation of unsteady problems 
feasible; therewith the way is paved for an introduction 
of the inteference method into many technical fields of 
application. 

The observation of the region of interference on- 
a wing model of about 10-oentimeter chord and 
I^O-contimeter span showed already at a flow velocity 
of lj.0 m/s characteristic bulgings of the interference 
fringes near the profile surface. The sensitivity of 
the measuring method Increases linearily with the 
extension In length (span) of the region under investiga- 
tion; the changes in density to he measured Increase 
with the flow velocity. Already for a scan of about 
2 meters and velocities of 100 to '200 m/s there result 
bulgings of the Interference fringes which can be 
calculated; their magnitude Is such that very small 
fringe distances must be used. Herewith the assumptions 
for the determination of the density field which 
surrounds bodies in a flow and for the Investigation 
of numerous important flow problems are given. 

At the time these observations In the wind tunnel 
were made spectral light sources of highest Intons Ity 
had not yet' been anal yzed; therefore these Interference 
photographs could not yet be taken. 

After the problem of Illumination had been solved 
the wind tunnel was, by a technical mishap, 3hut down 
for several months; therefore such Interference 
photographs about bodies in a flow will be published 
later. 


Translated by Mary L, Mahler 
National Advisory Committee 
for Aeronautios 
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Figure 5.- Generation of the interference phenomenon at any distance 
from the instrument by mirror adjustment (L 12) (B' is the 
location of the interference phenomenon. ) 



Figure 6.- Parallel adjustment of a pair of mirrors at a time by 
observation of a remote object. 
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Figure 8.- Adjustment of the mirrors by means of a pentaprism 

(L 11, L 12). 
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Figure 11.- Relative spectral energy distribution of the mercury 
high-pressure discharge (from Z. f. techn. Physik; 14; 1933, 393) 



Figure 12a.- Without density 
field. 


Figure 12b.- With density 
field. 



Figure 12.- Groups of interference fringes in unfiltered mercury 
light. Time of exposure: t = 1/500 sec. 
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Figure 13.- Displacement of fringes in the proximity of a heated body.) 

t = 1/100 sec. 



Figure 14.- Displacement of 
fringes by changes in 
density in supersonic flow 
(L 11). t = 1/100 sec. 


Figure 15.- High-degree 
deformation of the inter- 
ference fringes by large 
changes in density of the 
medium under investi- 
gation. t = 1/100 sec. 
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